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ACOG

:   American College of Obstetricians and Gynecologists

ADOPTe

:   Angiogenic Dysfunction Of Pregnancy and Transthoracic echocardiogram

FSTL3

:   follistatin‐like 3

GLS

:   global longitudinal strain

Clinical PerspectiveWhat Is New?This is the first study that demonstrates that aspirin therapy is associated with reduced activin A levels and improved global longitudinal strain in pregnant patients with preeclampsia.In our exploratory observational analysis, receiving aspirin was associated with a decreased global longitudinal strain when compared with women who had not received aspirin therapy.The biomarker activin A, which is elevated and pathogenic in preeclampsia, also results in cardiac dysfunction both predelivery and at 1 year postpartum in women with hypertensive disorders of pregnancy.What Are the Clinical Implications?Our study suggests that antepartum aspirin therapy reduces plasma activin A levels and improves global longitudinal strain in pregnant patients with preeclampsia.Further studies need to be done to confirm these findings and to evaluate the possibility that antepartum aspirin may mitigate postpartum cardiac dysfunction seen in women with preeclampsia.

 {#jah35225-sec-0008}

Preeclampsia is a hypertensive disorder that affects up to 5% of pregnancies and is the most common medical complication of gestation. Although preeclampsia was previously considered a self‐limited peripartum disease,[1](#jah35225-bib-0001){ref-type="ref"} women with preeclampsia are now recognized to be at increased risk for the subsequent development of cardiovascular disease.[2](#jah35225-bib-0002){ref-type="ref"} In a large epidemiological study using the National Readmission Database, women diagnosed with hypertensive disorders of pregnancy, such as preeclampsia and superimposed preeclampsia, were twice as likely to be admitted with new‐onset heart failure within 90 days of delivery than women with normotensive pregnancies.[3](#jah35225-bib-0003){ref-type="ref"} In addition, 60% of women with preeclampsia exhibit Stage B (subclinical) heart failure at 1 year postpartum.[^12^](#jah35225-bib-0012){ref-type="ref"}, [2](#jah35225-bib-0002){ref-type="ref"}, [4](#jah35225-bib-0004){ref-type="ref"} Stage B cardiac failure, which typically progresses to symptomatic heart failure, can be diagnosed by the measurement of global longitudinal strain (GLS).[5](#jah35225-bib-0005){ref-type="ref"} In fact, abnormal GLS in the second trimester of pregnancy predicts preeclampsia later in gestation.[6](#jah35225-bib-0006){ref-type="ref"}

Despite the high incidence of serious morbidity and mortality due to postpartum cardiac dysfunction following preeclamptic pregnancy, there is a substantial gap in our knowledge about the mechanisms of sustained cardiac dysfunction in this disease or how to prevent it. A growing body of evidence suggests that activin A, a member of the transforming growth factor‐beta superfamily, may be pathogenic in the development of both preeclampsia and subsequent cardiovascular dysfunction.[7](#jah35225-bib-0007){ref-type="ref"}, [8](#jah35225-bib-0008){ref-type="ref"} Activin A is a profibrotic polypeptide produced by the placenta, macrophages, and other cell types and is bioneutralized by follistatin, which during healthy pregnancy circulates in excess of activin A. In women with preeclampsia, elevated levels of angiotensin II type 1 receptor antibodies are thought to stimulate the release of nicotinamide adenine dinucleotide phosphate oxidase, which leads to oxidative stress that increases placental and endothelial secretion of activin A.[9](#jah35225-bib-0009){ref-type="ref"} Clinically, activin A levels in preeclamptic women are 10‐fold higher than in women with a healthy pregnancy.[10](#jah35225-bib-0010){ref-type="ref"} In addition to a pathogenic role in preeclampsia, activin A signaling also causes cardiac fibrosis and hypertrophy via increased activin receptor‐like kinase 4 activity and p38 mitogen‐activated protein kinase and extracellular regulated kinase pathways.[11](#jah35225-bib-0011){ref-type="ref"} Indeed, women with hypertensive disorders of pregnancy have elevated levels of antepartum activin A that correlates with contemporaneously measured GLS and also with reduced GLS at 1‐year postpartum;[12](#jah35225-bib-0012){ref-type="ref"} however, the underlying mechanisms remain unknown. Furthermore, in vivo and in vitro data suggest that aspirin inhibits the expression of extracellular regulated kinase and also blocks the mitogen‐activated protein kinase pathway,[13](#jah35225-bib-0013){ref-type="ref"} 2 potential mechanisms linking activin A and cardiac fibrosis and hypertrophy. However, the impact of aspirin therapy on activin A levels and cardiac dysfunction in preeclamptic women is unknown.

We hypothesized that preeclamptic women receiving aspirin therapy would have lower plasma activin A levels and improved GLS compared with women who are not receiving aspirin. To test our hypothesis, we performed a cohort study of women with preeclampsia or superimposed preeclampsia and compared plasma activin A and GLS in parturients who did and did not receive aspirin. We also measured activin A/follistatin and activin A/follistatin‐like 3 (FSTL3) ratios, as follistatin is a coregulatory factor of activin A and follistatin/activin A binding may affect activin A levels.

Methods {#jah35225-sec-0009}
=======

Study Design and Oversight {#jah35225-sec-0010}
--------------------------

We conducted a cohort study of 92 women with preeclampsia or superimposed preeclampsia who had enrolled in a large observational cohort study (ADOPTe \[Angiogenic Dysfunction Of Pregnancy and Transthoracic echocardiogram\]). ADOPTe is an institutional review board approved ongoing observational study on the evaluation of biomarkers among women with hypertensive disorders of pregnancy (Institutional Review Board No. 14--0977).[14](#jah35225-bib-0014){ref-type="ref"} All participants gave written informed consent before initiation of study procedures. All procedures followed were in accordance with institutional guidelines. Complete information about this prospective observational study has been previously described.[14](#jah35225-bib-0014){ref-type="ref"} Pregnant women with preeclampsia and superimposed preeclampsia who received prenatal care and delivered at the University of Chicago between May 2017 and November 2019 were enrolled for this study. Patients in the ADOPTe study who had a blood sample drawn and a final diagnosis of preeclampsia/superimposed preeclampsia were included in this analysis. All data and supporting materials have been provided with the published article.

Study Cohort {#jah35225-sec-0011}
------------

Women were at least 18 years of age with a singleton gestation of \<41 weeks. Patients were excluded if they had a preexisting diagnosis of cardiomyopathy, ischemic or valvular heart disease, pulmonary disease, or diabetes mellitus or were in labor. Enrollment in the ADOPTe study occurred when patients were admitted to labor and delivery or the antepartum floor. All clinical data were abstracted from medical records by technicians unaware of the results of assays or echocardiograms.

The diagnoses of preeclampsia and superimposed preeclampsia were based on modified American College of Obstetricians and Gynecologists (ACOG) criteria.[15](#jah35225-bib-0015){ref-type="ref"} An obstetrician (S.R.) unaware of study results confirmed the clinical diagnosis for all patients. Preeclampsia was defined as systolic blood pressure ≥140 mm Hg and/or diastolic blood pressure ≥90 mm Hg occurring after 20 weeks of gestation, combined with proteinuria or, in the absence of proteinuria, any other new‐onset sign of preeclampsia‐associated organ dysfunction (as defined by ACOG). Blood pressure readings were documented on at least 2 occasions 4 hours to 2 weeks apart. Proteinuria was defined as urinary excretion of ≥0.3 grams of protein in a 24‐hour urine specimen or urine protein (mg/dL)/creatinine (mg/dL) ratio of ≥0.3. In the absence of proteinuria, preeclampsia with severe features was defined per ACOG.[15](#jah35225-bib-0015){ref-type="ref"} Superimposed preeclampsia was defined as a patient with chronic hypertension who developed one of the following features of new‐onset proteinuria (as described previously), sudden increase in proteinuria if already present in early gestation, sudden increase in hypertension, or development of HELLP (hemolysis, elevated liver enzymes, low platelet count) syndrome.

Measurement of Circulating Activin A, Follistatin, and FSTL3 Levels {#jah35225-sec-0012}
-------------------------------------------------------------------

Venous blood samples were collected before delivery during the delivery admission. Blood samples were centrifuged for 8 minutes at −4°C and the plasma was then aliquoted, labeled with a study ID, and stored at −80°C. The regulatory hormone follistatin binds to and inactivates activin A; thus we measured follistatin levels in all patients. Additionally, because the biologically active form of activin A is unbound, activin A/follistatin ratios weree used as an indirect measure of free activin A levels.[16](#jah35225-bib-0016){ref-type="ref"} A single operator (J.D.) blinded to clinical information performed activin A, follistatin and FSTL3 ELISA assays on each plasma sample in duplicate using commercially available kits (Ansh Labs, Webster, TX). The coefficient of variation for intraassay and interassay variability was 4.23±0.06 and 2.29±0.02 ng/mL, respectively.

Echocardiography {#jah35225-sec-0013}
----------------

Echocardiograms were performed as part of routine prenatal care on the basis of ACOG recommendations[17](#jah35225-bib-0017){ref-type="ref"} in the second trimester for pregnant patients with chronic hypertension or another indication. All echoes were performed by a certified sonographer in an Intersocietal Commission for the Accreditation of Echocardiography Laboratories Certified Cardiology Echocardiography Laboratory at the University of Chicago. Images were reported according to American Society of Echocardiography guidelines. Strain analysis was performed by the senior author, who is a certified echocardiographer. Importantly, all echocardiographic indices reported in the study were assessed using standardized software that uses a computer learning algorithm to facilitate endocardial border detection. This process thus reduces potential variability and results in reliable methods that can be replicated regardless of the person measuring the indices.[6](#jah35225-bib-0006){ref-type="ref"}, [12](#jah35225-bib-0012){ref-type="ref"}, [18](#jah35225-bib-0018){ref-type="ref"} Data from echocardiograms with complete two dimensional and color flow Doppler were abstracted from the medical record. Ejection fraction was calculated using the Simpson\'s biplane disc method. GLS measurement was performed using fully automated Tomtec software (AutoStrain, Tomtec Image Arena 1.2, Unterschleissheim, Germany), a vendor independent software that uses a computer learning algorithm to facilitate endocardial border detection. This software has previously been validated with good correlation and agreement between manual and automated strain measurements.[19](#jah35225-bib-0019){ref-type="ref"} All echocardiograms were analyzed in a blinded fashion.

Statistical Analysis {#jah35225-sec-0014}
--------------------

Our primary analysis evaluated the relationship between aspirin therapy and activin A levels. Secondary analyses tested the relationship between aspirin therapy and activin/follistatin and activin/FSTL3 ratios. In an exploratory analysis we also evaluated the relationship between aspirin therapy and GLS.

Data were assessed with the use of a *t* test or Wilcoxon Rank Sum test as appropriate and are presented as mean (±SD) or median (interquartile range) depending on the data distribution. Normality was assessed with the Shapiro‐Wilk test. Categorical variables are reported as frequencies and proportions and assessed with a chi‐square or Fisher\'s exact test. To evaluate whether the observed differences persisted, we performed multivariable linear regression. To meet model assumptions logarithmic transformations were performed, as necessary. Variables included in the adjusted model were selected on the basis of their biological plausibility. Statistical analyses were conducted using SAS 9.4 (SAS Institute, Cary, NC). Two‐tailed *P* values of \<0.05 were considered statistically significant for all analyses.

Results {#jah35225-sec-0015}
=======

Demographics {#jah35225-sec-0016}
------------

A total of 92 parturients with preeclampsia or superimposed preeclampsia were included in the analysis. Baseline characteristics are shown in Table [1](#jah35225-tbl-0001){ref-type="table"}. Of the 92 analyzed patients, 25 (27%) patients received aspirin therapy. No statistically significant difference was observed in ethnicity, body mass index, race, or antihypertensive medication use between patients who did and did not receive aspirin antepartum (all *P*\>0.09). Although a higher proportion of patients who received aspirin had superimposed preeclampsia as compared with patients who did not receive aspirin (56% versus 42%), this difference was not significant (*P*=0.22).

###### 

Clinical Characteristics of Patients

                                            Asprin (N=25)           No Aspirin (N=67)      *P* Value
  ----------------------------------------- ----------------------- ---------------------- -----------
  Demographics                                                                             
  Race (%)                                                                                 0.09
  White                                     0 (0)                   12 (17.91)             
  Black                                     22 (88.00)              48 (71.64)             
  Asian                                     1 (4.00)                1 (1.49)               
  Multiracial                               1 (4.00)                3 (4.48)               
  Unknown                                   1 (4.00)                3 (4.48)               
  Ethnicity (%)                                                                            0.87
  Hispanic                                  1 (4.00)                4 (5.97)               
  Non‐Hispanic                              22 (88.00)              59 (88.06)             
  Unknown                                   2 (8.00)                4 (5.97)               
  Age, y                                    34.29±5.44              28.63±7.26             0.001
  Prepregnancy body mass index (kg/m^2^)    30.86±9.22              33.91±8.77             0.15
  Number of prenatal visits                 10 (8, 14)              4 (1, 10)              0.001
  Risk factors and comorbidities                                                           
  Smoking status (%)                                                                       0.71
  Never                                     14 (56.00)              45 (67.16)             
  Past/quit before pregnancy                7 (28.00)               14 (20.90)             
  Past/quit early in pregnancy              1 (4.00)                2 (2.99)               
  Currently smokes                          2 (8.00)                5 (7.46)               
  Unknown                                   1 (4.00)                1 (1.49)               
  Substance abuse (%)                       0 (0)                   9 (13.43)              0.10
  Diabetes mellitus (%)                     8 (32.00)               8 (11.94)              0.02
  Previous history of preeclampsia (%)      10 (40.00)              9 (13.43)              0.01
  Chronic hypertension (%)                  16 (64.00)              26 (38.81)             0.03
  History of cardiac disease (%)            1 (4.00)                2 (2.99)               0.81
  Multiparity (%)                           24 (96.00)              37 (55.22)             0.0002
  Renal disease (%)                         2 (8.00)                3 (4.48)               0.51
  Autoimmune disease (%)                    1 (4.00)                2 (2.99)               0.81
  Diagnosis                                                                                
  Preeclampsia (%)                          11 (44.00)              39 (58.21)             0.22
  Superimposed preeclampsia (%)             14 (56.00)              28 (41.79)             
  Hypertension                                                                             
  Hypertensive agents (%)                                                                  
  No agent                                  4 (16.67)               11 (16.42)             0.95
  Single agent                              5 (20.83)               16 (23.88)             
  Multiple agent                            15 (62.50)              40 (59.70)             
  Delivery characteristics                                                                 
  Highest systolic blood pressure, mm Hg    156 (137, 182)          164 (153, 175)         0.20
  Highest diastolic blood pressure, mm Hg   87 (74, 96)             94 (86, 107)           0.02
  Mean arterial blood pressure, mm Hg       110 (94, 123)           118 (108, 127)         0.04
  Gestational age, wk                       35.00 (33.50, 36.86)    37.00 (34.86, 38.57)   0.01
  Quantitative blood loss, mL               427.5 (242.5, 1145.0)   564.0 (269.0, 925.0)   0.81
  Small for gestational age (%)             6 (25.00)               10 (15.63)             0.31

Data are presented as mean±SD, median (quartile 1, quartile 3), or n (%) depending on variable type. These results are assessed between groups with a *t* test, Wilcoxon Rank Sum, or chi‐square test, respectively.

Patients receiving aspirin were more likely to be older (34.29±5.44 versus 28.63±7.26 years; *P*=0.001) and have a higher number of prenatal visits (10 \[8, 14\] versus 4 \[1, 10\]; *P*=0.001) as compared with women who did not receive aspirin. In patients who received aspirin, the mean gestational age at which aspirin was started was 18.96±7.47 weeks.

Activin A, Follistatin, and FSTL3 Measurements {#jah35225-sec-0017}
----------------------------------------------

Women receiving aspirin therapy had lower median (interquartile range) levels of activin A when compared with women who did not receive aspirin ([Figure](#jah35225-fig-0001){ref-type="fig"}---Panel A; 8.17 \[3.70, 10.36\] versus 12.77 \[8.37, 31.25\] ng/mL; *P*=0.001). Similarly, activin A/follistatin and activin A/FSTL3 ratios were lower in patients receiving aspirin compared with no aspirin therapy ([Figure](#jah35225-fig-0001){ref-type="fig"}---Panels D and E; 0.59 \[0.31, 0.93\] versus 1.01 \[0.64, 2.60\], *P*=0.002 and 0.22 \[0.14, 0.28\] versus 0.30 \[0.20, 0.51\], *P*=0.002, respectively). Follistatin and FSTL3 levels did not differ significantly between the 2 groups, respectively ([Figure](#jah35225-fig-0001){ref-type="fig"}---Panels B and C; *P* values 0.80 and 0.18, respectively; Table [2](#jah35225-tbl-0002){ref-type="table"}). After adjusting for potential differences in baseline characteristics including chronic hypertension, diabetes mellitus, age, previous history of preeclampsia, and parity, the association between aspirin and activin persisted (*P*=0.005).

![Biomarker levels stratified by antepartum aspirin use.\
Biomarker levels for (**A**) activin, (**B**) follistatin, (**C**) FSTL3, (**D**) activin/follistatin ratio, (**E**) activin/FSTL3 ratio, and (**F**) global longitudinal strain of patients stratified by aspirin use during the antepartum period. Boxplots in grey indicate patients who received aspirin whereas white indicates patients who did not receive aspirin. The boxplot displays the minimum value (whisker), lower quartile (bottom of the box), median (middle line in box), upper quartile (top of box), and maximum value (whisker) within each group.](JAH3-9-e015997-g001){#jah35225-fig-0001}

###### 

Angiogenic Biomarkers

                               Asprin (N=25)          No Aspirin (N=67)      *P* Value
  ---------------------------- ---------------------- ---------------------- -----------
  Angiogenic factors                                                         
  Activin, ng/mL               8.17 (3.70, 10.36)     12.77 (8.37, 31.25)    0.001
  Follistatin, ng/mL           14.04 (6.75, 18.88)    12.02 (8.21, 18.15)    0.80
  Follistatin‐like 3, ng/mL    35.31 (26.34, 51.31)   42.72 (34.34, 60.04)   0.18
  Activin/follistatin          0.59 (0.31, 0.93)      1.01 (0.64, 2.60)      0.002
  Activin/Follistatin‐like 3   0.22 (0.14, 0.28)      0.30 (0.20, 0.51)      0.002

Data is presented as median (quartile 1, quartile 3) or n (%) depending on variable type and assessed using a Wilcoxon Rank Sum or chi‐square test, respectively.

When classified by type of hypertensive disorder (preeclampsia or superimposed preeclampsia), women with preeclampsia alone who received aspirin therapy had significantly lower activin A levels, activin/follistatin ratios, and activin/FSTL3 (all *P*≤0.01) when compared with women not receiving aspirin (Table [S1](#jah35225-sup-0001){ref-type="supplementary-material"}).

Echocardiography {#jah35225-sec-0018}
----------------

When compared with patients not on aspirin therapy, a higher proportion of patients who received aspirin also underwent an echocardiogram as part of their routine medical care (27% versus 68%, *P*=0.0003). The mean gestational age at the time of the echocardiogram did not differ between groups (gestational weeks, 23.43±7.43 aspirin versus 27.6±9.66 no aspirin; *P*=0.15). The clinical indications for echo among patients who received them were chronic hypertension (23/35, 66%), diabetes mellitus (6/35, 17%), to rule out cardiac disease (3/35, 9%), obesity (1/35, 3%) and other unspecified reasons (2/35, 6%). No statistically significant difference was observed in the proportion of patients with chronic hypertension between those who did and did not receive aspirin (65% versus 72%, respectively; *P*=0.63).

In our exploratory analysis patients on aspirin had an increased GLS (Triplane, 3P) when compared with women without aspirin therapy ([Figure](#jah35225-fig-0001){ref-type="fig"}---Panel F; −19.84±2.50 versus −17.77±2.60%, *P*=0.03). No differences were detected in other echocardiographic indices including ejection fraction, stroke volume, and end diastolic or systolic volume (Table [3](#jah35225-tbl-0003){ref-type="table"}). Similarly, no differences were observed in mean arterial blood pressure between those who did and did not receive aspirin therapy (95.56±13.86 versus 98.24±14.23 mm Hg, *P*=0.58). After adjusting for chronic hypertension, the association between aspirin and GLS persisted (*P*=0.03). Given the small sample size of this analysis, these results should be interpreted with caution.

###### 

Echocardiographic Indices and Blood Pressure

                                                 Asprin (N=25)          No Aspirin (N=67)      *P* Value
  ---------------------------------------------- ---------------------- ---------------------- -----------
  ECHO performed (%)                             17 (68.00)             18 (26.87)             0.0003
  Echocardiographic indices                                                                    
  End‐diastolic volume (ml)                      155.93±33.19           156.03±39.97           0.99
  Ejection fraction (%)                          52.32±5.91             48.97±7.63             0.19
  End‐systolic volume (ml)                       72.40 (55.78, 84.84)   75.44 (62.96, 94.11)   0.70
  Stroke volume (ml)                             80.68±13.38            75.70±19.93            0.42
  Global longitudinal strain (3P) (%)            −19.84±2.50            −17.77±2.60            0.03
  Global longitudinal strain (4CH) (%)           −20.91±3.92            −19.06±2.58            0.12
  Global longitudinal strain (2CH) (%)           −20.70±2.82            −19.60±2.48            0.24
  Global longitudinal strain (3CH) (%)           −18.96±2.75            −16.48±3.02            0.02
  Gestational age                                                                              
  At ECHO (weeks)                                23.43±7.43             27.6. ±9.66            0.15
  Aspirin characteristics                                                                      
  Total weeks administered                       16 (5.5, 22.5)         ···                    ···
  Total weeks administered at ECHO               6.5 (2.3, 17.5)        ···                    ···
  Blood pressure                                                                               
  Systolic blood pressure at ECHO (mm Hg)        133.94±16.62           132.89±20.72           0.87
  Diastolic blood pressure at ECHO (mm Hg)       76.44±14.50            80.94±12.20            0.33
  Mean arterial blood pressure at ECHO (mm Hg)   95.56±13.86            98.24±14.23            0.58

Data are presented as mean±SD, median (quartile 1, quartile 3), or n (%) depending on variable type. These results are assessed between groups with a *t* test, Wilcoxon Rank Sum, or chi‐square test, respectively. Results for echocardiographic indices and measurements at the time of echo are only reported for patients who ever underwent an echo during pregnancy. ECHO indicates echocardiogram. 3P(Triplane, Average GLS), 4CH(4 chamber), 2CH(2 chamber), 3CH(3 chamber).

Aspirin Compliance, Complications, and Fetal Outcomes {#jah35225-sec-0019}
-----------------------------------------------------

Compliance was defined as clinician documentation of aspirin use at every prenatal visit in the medical record. For analysis purposes noncompliant patients were instead considered nonaspirin users. We found that among all the patients who were prescribed aspirin (n=30), 5 patients (17%) were noncompliant. The remaining 25 patients (83%) were compliant on the aspirin. Thirteen percent of the patients included in our data were on aspirin at delivery. The median time from the cessation of aspirin to delivery was 1 week in our cohort. No statistically significant increase was observed in the risk of postpartum hemorrhage, as the median quantitative blood loss in women who received aspirin was 427.5 mL (interquartile range 242.5, 1145.0) as compared with 564.0 mL (269.0, 925.0) in women who did not receive aspirin (*P*=0.81). Similarly, no difference in bleeding was observed among women using aspirin within the last week of pregnancy compared with those who stopped aspirin before (median \[interquartile range\] 585.5 \[234.0, 1080.0\] versus 299.5 \[242.5, 920.0\]; *P*=0.67). Further, no statistically significant difference was observed in the proportion of births that were small for gestational age between the aspirin and no aspirin groups (25% versus 16%, respectively; *P*=0.32). We found no differences in proportion of chronic hypertension, diabetes mellitus, history of cardiac disease, history of preeclampsia, multiparity, autoimmune disease, among patients who were compliant versus noncompliant on aspirin (*P* values 0.47, 0.73, 0.54, 0.41, 0.25, and 0.45, respectively).

Discussion {#jah35225-sec-0020}
==========

In this cohort study of women with preeclampsia and superimposed preeclampsia, we found that women receiving aspirin therapy during pregnancy had lower activin A levels, activin A/follistatin ratios, and activin A/FSTL3 ratios at the time of delivery when compared with women not receiving aspirin. In addition, in our exploratory analysis patients receiving aspirin had a decreased (better) GLS when compared with women who had not received aspirin therapy. No difference in follistatin or FSTL3 levels was identified between the 2 groups.

Our data are consistent with prior levels (median 22.03 ng/mL \[16.69, 25.98\]) of activin A that are observed in women with preeclampsia.[10](#jah35225-bib-0010){ref-type="ref"} Existing data suggest that elevated activin A levels may be pathogenic in the development of preeclampsia and cardiac dysfunction and that activin A blockade in a murine model alleviates preeclampsia and improves cardiac function.[8](#jah35225-bib-0008){ref-type="ref"}, [20](#jah35225-bib-0020){ref-type="ref"} We now present evidence that aspirin therapy correlates with lower activin A levels and activin/follistatin ratios and that GLS is improved in preeclamptic women on aspirin when compared with women not on aspirin. Given that the mean gestational age of aspirin start in our cohort was \>16 weeks it is possible that we are describing the effect of aspirin on activin levels and cardiac function rather than the effect of aspirin on placentation to reduce preeclampsia.

Early onset of subclinical heart failure in preeclampsia can be measured using GLS,[18](#jah35225-bib-0018){ref-type="ref"}, [21](#jah35225-bib-0021){ref-type="ref"}, [22](#jah35225-bib-0022){ref-type="ref"} which detects early heart failure through differentiating between active from passive contraction. In a prospective study of 207 women with hypertensive disorders of pregnancy and nonhypertensive controls, preeclamptic women had impaired GLS without a corresponding decrease in ejection fraction.[18](#jah35225-bib-0018){ref-type="ref"} Furthermore, worsened GLS correlated with increased circulating activin A in women with preeclampsia in the third trimester of pregnancy.[12](#jah35225-bib-0012){ref-type="ref"} GLS is also significantly worse in women with preeclampsia than in women with chronic hypertension in pregnancy, suggesting that hypertension alone does not cause cardiac dysfunction in preeclampsia.[23](#jah35225-bib-0023){ref-type="ref"} The current study not only corroborates previous findings but also suggests that aspirin therapy may decrease GLS in this population.

Our data have several implications for clinical practice. Thromboxane A2 contributes to the onset of preeclampsia; thus low‐dose aspirin (81 mg/day) is currently recommended in the 2018 ACOG guidelines to mitigate the risk of preeclampsia in women at high risk during pregnancy starting at 12 to 16 weeks of gestation.[24](#jah35225-bib-0024){ref-type="ref"} The guidelines recommend stopping aspirin at 36 weeks or at the time of delivery. Here we postulate that perhaps aspirin may also decrease the development of peripartum cardiac dysfunction. If so, postpartum aspirin may be a new therapeutic agent to reduce postpartum cardiac dysfunction and improve cardiovascular health among these high‐risk women.

Currently, aspirin use in patients with preeclampsia may be limited by concerns over an increased risk of peripartum bleeding.[25](#jah35225-bib-0025){ref-type="ref"} However, a 2018 ACOG risk analysis found no increased risk of placental abruption, postpartum hemorrhage, or mean blood loss.[24](#jah35225-bib-0024){ref-type="ref"} In a 2015 multicenter, randomized trial of 1776 pregnant women receiving aspirin at 150 mg/day, the incidence of preterm preeclampsia, pregnancy complications, and fetal or neonatal outcomes did not differ between those who did and did not receive aspirin.[26](#jah35225-bib-0026){ref-type="ref"} Although fetal effects of aspirin are understudied, an 81 mg/day dose acetylsalicylic acid (aspirin) transfer into milk is virtually undetectable by liquid chromatography.[27](#jah35225-bib-0027){ref-type="ref"} In our cohort we saw no difference in bleeding or fetal outcomes between patients receiving and not receiving aspirin therapy, although the sample size is severely limited to draw these conclusions.

Mechanistically, aspirin inhibits activin A induced expression of extracellular regulated kinase and also blocks the mitogen‐activated protein kinase pathway. In preeclampsia, inhibition of these pathways decreases both inflammation and oxidative stress.[28](#jah35225-bib-0028){ref-type="ref"}, [29](#jah35225-bib-0029){ref-type="ref"} Further in cell culture models, inhibition of these pathways suppresses inflammation, inhibits apoptosis, and decreases the secretion of soluble FMS‐like tyrosine kinase‐1 and soluble endoglin considered pathogenic in preeclampsia.[30](#jah35225-bib-0030){ref-type="ref"} Taken together these data suggest that aspirin use could prevent both preterm preeclampsia and postpartum cardiac dysfunction after a preeclamptic delivery.

Compliance with aspirin therapy plays a major role to prevent preterm preeclampsia. Previous work by Rolnik et al demonstrated that the group who was screened positive for high‐risk preeclampsia who were randomized to low‐dose aspirin had a significant lower risk of early‐onset preeclampsia if they were compliant, as compared with noncompliant pregnant women. Interestingly, the women who were screened as high risk, but were randomized to placebo, also had a significant lower risk of early‐onset preeclampsia in this study if they were compliant (with placebo tablets), as compared with noncompliant women. This indicates that "compliant" women are different (ie, healthier) from those not following the prescribed drugs. We found no differences among any comorbidities among compliant versus noncompliant women in our cohort, thus limiting the possibility of selection bias in our cohort.

Although we present promising new data here, our study has some limitations. First, because of the limited sample size, it is possible that differences in patient characteristics have affected our results. Additionally, the observational nature of this study does not allow us to prove that aspirin is responsible for the differences we observed but rather serves as a means for generating new hypotheses. Second, because our study was observational and the decision to prescribe aspirin was made according to the treating providers' discretion, it is not possible to ascertain whether specific patient factors necessitated aspirin therapy and thus potentially affected GLS or angiogenic levels. Similarly, because this was a retrospective review of the chart, we did not ascertain aspirin compliance by pill counts; however, each encounter for each patient was carefully reviewed and the documented medication compliance and duration of aspirin carefully noted. Other studies have shown that aspirin compliance may play an important role; however, given the small sample size we are unable to ascertain how this may have affected our results. It is possible that differences in activin A levels we observed may be because of factors other than aspirin. Similarly, differences in GLS we observed between groups may have also been because of factors besides aspirin use. In our study echocardiograms were performed as part of routine clinical care and thus not all performed by the same person. Although statistically not significant timing between echocardiograms may have contributed to the observed differences in GLS. We are also unable to comment on the time of the preeclampsia diagnosis and whether this differed between the aspirin groups. Lastly, given that our data comes from a single institution, it is possible that differences in aspirin therapy administration practices may vary between institutions, thereby making our results less generalizable. Nevertheless, our data suggest that aspirin may reduce activin A levels when given during the antepartum period and lend support to clinical trials of aspirin for prevention of heart failure in postpartum women with preeclampsia.

Perspectives {#jah35225-sec-0021}
------------

In summary, antepartum aspirin therapy was associated with a reduction in activin A levels and improves GLS in pregnant patients with preeclampsia. Further work is needed to clarify the potential effect of aspirin on the postpartum development of heart failure in women with preeclampsia. Moreover, preclinical studies in animal models of preeclampsia are urgently needed to determine the importance of activin A in the development of subclinical cardiac dysfunction in preeclamptic women, as well as understand the mechanisms whereby aspirin therapy mitigates its onset and potentially the progression of postpartum cardiac dysfunction.
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